Quaegebeur, J. M., Rohmer, J., and Brom, A. G. (1977). Thorax, 32,[517][518][519][520][521][522][523][524] (1959) we were impressed by their good haemodynamic condition. There was no sign of venous stenosis either in the right or left half of the heart. One of us (AGB) has since tried to apply the principles of the Senning operation (trapeziform roof over the pulmonary veins and two channels for the venae cavae) to the Mustard procedure (Geldof and Aytug, 1975) . In view of the fact that the original Senning operation involves the use of only a small amount of foreign material, the logical next step was to revert to this procedure. The following is a preliminary report on our recent experience in the revival of this operation.
When in 1969 we saw two patients whose transposition we had treated in 1962 and 1963, respectively, by an operation described by Senning (1959) we were impressed by their good haemodynamic condition. There was no sign of venous stenosis either in the right or left half of the heart. One of us (AGB) has since tried to apply the principles of the Senning operation (trapeziform roof over the pulmonary veins and two channels for the venae cavae) to the Mustard procedure (Geldof and Aytug, 1975) . In view of the fact that the original Senning operation involves the use of only a small amount of foreign material, the logical next step was to revert to this procedure. The following is a preliminary report on our recent experience in the revival of this operation.
Patients
From December 1975 to March 1977 patients with transposition of the great arteries were treated by the operation described by Senning (1959) . There were 15 males and five females. In all patients except one a balloon septostomy had been performed at the time of the diagnostic cardiac catheterisation in the neonatal period. In six patients the Senning operation was performed electively, whereas in the remaining 14 patients operation was deemed necessary because of rapid increase in haemoglobin and haematocrit values, severe symptoms, failure to thrive, or the combination of these factors. The weights of our patients at the time of operation varied from 4 5 to 16-0 kg, their ages from 5 months to 31 years, their haemoglobin values from 7 8 to 13-2 g/dl, and their haematocrit values from 43 to 72%. Ten patients were under the age of 1 year. Eight patients had other cardiac anomalies in addition to transposition of the great arteries (Table 1) . Five patients had had a previous Blalock-Hanlon operation (Table 1) . Their ages ranged from 2 to 31 years. Preoperative cardiac catheterisation data are presented in Table 2 . All patients were in sinus rhythm at the time of operation. (1) A new right wall for the new 'right' atrium has to be formed. In the Mustard operation this is done via the midportion of the patch, whereas in the Senning operation it is done via the remnants of the atrial septum and that part of the former right atrium that is localised behind the crista terminalis.
(2) The blood from the two venae cavae has to be guided to the left ventricle without obstruction. In the Mustard operation this is done via the 'legs' of the patch, whereas in the Senning operation it is done via two tubes fashioned from the same dorsal part of the right atrium as that used in (1).
(3) The blood from the left pulmonary veins has to be enabled to join the blood from the right pulmonary veins without obstruction, behind the new right atrium, so that it can flow to the right ventricle via a common opening. In the Mustard operation this is effected along the right lateral aspect of the patch within the heart, whereas in the Senning operation it is done along the posterior aspect of the old atrial septum and laterally to the right of the venae cavae along the outside of the heart.
(4) Any direct trauma to the sinoatrial node, its artery, and the atrioventricular node must be avoided.
PROCEDURE
Perfusion is started with a cannula in the right atrium. The patient's body temperature is reduced to about 20°C. During cooling, the venae cavae are cannulated as far away from the heart as possible. Perfusion then takes place via the cannulae in the venae cavae. Figure 1 shows a craniocaudal incision a few millimetres venitral to the terminal crest. The sinoatrial node (a) is localised in the crest, and this site should not be touched with instruments during the operation. The incision A-B extends to threequarters of the distance from both venae cavae. This incision is later to be extended (B') in the direction of the lateral insertion of the valve of the inferior vena cava (Eustachian valve).
After opening the right atrium ( Fig. 2) We now have a flap of atrial septum, which in infants aged 6-12 months nearly always has the same size. Its base is formned by the heart itself, ie, the distance between the two venae cavae (about 3 cm). Its height is about 2 cm. Meanwhile the dimensions of the pulmonary veins have been measured with a Hegar dilator (these veins usually admit Hegar size 6 or 8, which means that the distance above the two left pulmonary veins is about 1 5-2 cm). This, then, has to be the length of the top side of the trapezium (Fig. 2) .
However, the upper caudal portion of this septal flap is absent due to the presence of the foramen ovale. This absent part is replaced by a small patch so that the top side of the trapezium is exactly large enough to be sutured above the left pulmonary veins, ie, 1 5-2 cm (allowing for loss of length due to suturing). After a Blalock-Hanlon operation atrial septal remnants (if any) must be resected completely. The absent atrial septum is then replaced by a trapeziform Dacron patch of the same dimensions as the atrial septal flap already discussed-base 3 cm, top side 1 5-2 cm, height 2 cm.
The interatrial groove is opened in front of the right pulmonary veins (Fig. 3) , thus exposing the anterior aspect of the left atrium. The left atrium is opened by a craniocaudal incision as close to the mid-line as possible (E'-G'). The caudal (E') and cranial (G') ends of this incision actually correspond with points E and G in Figure 2 . However, E' and G' are situated outside the heart, whereas E and G are situated within the heart. The distance El-G' is likewise about 3 cm. The opening in the atrium is made slightly larger by a small transverse incision made perpendicular to incision El-G', exactly between the two right pulmonary veins.
The prepared trapezium, like the patch in the Mustard procedure, is sutured in front of the left pulmonary veins and along the posterior wall of the left atrium (Fig. 4) .
At this time in the course of the operation the inferior vena caval cannula is usually replaced by one which has been introduced into the inferior vena cava via the former left auricle of the heart. This provides an ample view of the (usually large) valve of the inferior vena cava (Eustachian valve), which indicates the ventral boundary of the inferior vena cava (Fig. 4) .
Incision A-B is extended to point B', where it reaches the attachment of the Eustachian valve to the lateral wall of the right atrium (Fig. 5) . The posterior part of the right atrium (ie, the part dorsal to the terminal crest) is then sutured to the atrial septal remnants between the A-V valves, making use caudally of the Eustachian valve. Cranially, where the sinoatrial node is situated, the sutures are placed in the endocardial layers of the atrial wall, because the sinoatrial node lies immediately below the epicardium.
The last stage of the operation is the creation of a new left atrium. For this purpose the ventral part of the right atrium (ie, the tissue ventral to incision A-B') is sutured to the right side of incision E'-Gl (Fig. 6) . The suture line, therefore, necessarily extends over both venae cavae (A-El and Bl-G'); both distances are usually 1 5 cm. Since distance El-Gl slightly exceeds 3 cm, the same length must be available in the mid-portion of A-B' on the right atrium. Cranial and caudal to this there should be sufficient tissue to invest the superior vena cava (A-E') and the inferior vena cava (B'-Gl). The incision A-B', therefore, should have a minimum length of 15+15+3 cm; in our experience, A-B' is always about 7 cm and therefore of ample length. When suturing over the superior vena cava caution to avoid damage to the sinoatrial node is imperative; the sutures should be very superficial.
Assuming that the optimal blood flow through a given vessel is proportional to the transsectional surface of that vessel, the space behind the trapezium should admit a Hegar size 12 dilator if one pulmonary vein has a diameter of Hegar size 8; the space between the lateral wall of the new right atrium and the right side of E' and G' (Fig. 5 Since zone El-G' is the only site at which stenosis could occur during growth, interrupted silk sutures are used at this site.
Results
Two patients (Nos. 6 and 18) died (Tables 1 and 2) . One of these (No. 6) was a 7-month-old baby with simple transposition. A cerebrovascular accident at the age of 5 months had left the baby with severe hemiparesis. The infant was in poor condition. Low arterial oxygen saturations were consistently found before operation. The operation was uneventful and the initial postoperative course was smooth. On the second day marked thrombocytopenia was noted. A few hours later a sudden and massive tracheal haemorrhage led to untreatable hypoxia and death. The other patient (No. 18) was a 15-month-old baby with transposition, ventricular septal defect, and pulmonary stenosis. At operation subvalvar pulmonary stenosis was resected by a pulmonary artery approach, and the ventricular septal defect was closed with a Dacron patch from the right atrium. After operation junctional tachycardia was present. Death followed on the first postoperative day from low cardiac output.
The 18 surviving patients have been followed for periods ranging from a few weeks to well over a year. All patients are greatly improved with disappearances of cyanosis and fatigue. Fifteen patients are in sinus rhythm, and three have junctional rhythm (Table 1) .
Patient 2, a boy operated on at the age of 15 months, experienced an episode of congestive heart failure six months later. He responded well to treatment with diuretics. However, his right ventriculogram showed poor contractions. His chest radiograph showed marked cardiomegaly before operation and since operation his heart size has not decreased. Patient 10, a boy operated on at the age of 1 year, also showed signs of congestive heart failure shortly after operation. He responded well to treatment with diuretics. Both patients are doing well at the moment but still require daily diuretics.
One patient (No. 13), operated on at the age of 6 months, had one episode of junctional tachycardia three months later. He responded well to digitalis. He is now 15 months old and still requires a small daily dose of digoxin. He has junctional rhythm with a rate of 120 beats per minute.
The remaining 15 patients are not taking any drugs.
Two to three weeks after operation cardiac catheterisation was carried out in all patients except one (No. 20) . Data are summarised in Table 3 . Mean pressure differences between venae cavae and new right atrium did not exceed 4 mm Hg. The pressure tracings of the new right atrium showed a shallow x-trough and a steep y-descent in every instance (Fig. 7a) . In one patient (No. 7) the new left atrium and the right ventricle were entered from the new right atrium. An angiocar- Frontal cineangiocardiograms were performed with injection of contrast medium into the superior vena cava. In all patients there was an unimpeded flow from the superior vena cava into the new right atrium. During ventricular systole the contrast medium also filled a short distance of the inferior vena cava in all patients. The junction of the superior vena cava with the right atrium was wide in all instances and of about equal width to the junction of the inferior vena cava with the new right atrium. In two patients (Nos. 7 and 17) a striking filling of the azygos vein occurred. In one patient (No. 2) a small bidirectional shunt at atrial level was observed. In two other patients (Nos. 3 and 8) a small left-to-right shunt was seen. So far as can be judged from a cineangiocardiogram, the new right and left atria of all patients in sinus rhythm seemed to contract vigorously.
Discussion
It may be that in the near future arterial switch will become the treatment of choice in transposition of the great arteries (Baffes et al., 1961; Jatene et a!., 1976; Ross et al., 1976; Yacoub et al., 1976) . Meanwhile it is useful to consider the operation still most widely used-venous reversal.
In our hands the mortality of Senning's operation is approximately the same as that of Mustard's operation. The incidence of junctional rhythm in the survivors seems to be slightly less after the former operation. So far, junctional tachycardia has been encountered in only one patient after Senning's operation. The improvement in the condition of the patients is striking after either operation. Evaluation by cardiac catheterisation a few weeks after surgery revealed no differences between the two operations. Pressure gradients between venae cavae and the new right atrium were small or absent ( (Fig. 7a) is not different from that obtained after Mustard's operation (Fig. 7b) and probably is not specific for either procedure, as such wave forms can also be found after repair of simple ventricular septal defect by the right atrial approach (Fig. 7c) .
Two patients require treatment with diuretics because of a tendency to congestive heart failure. Angiocardiography incriminates poor right ventricular function as the cause thereof rather than the Senning repair itself.
It is difficult to decide which of the two procedures-Mustard or Senning-is the best. The differences between the two procedures are as follows:
(1) A large patch is used in the Mustard and a very small one (slightly larger after a BlalockHanlon operation in the Senning procedure.
(2) In the Mustard procedure the decussation of the blood flows takes place at the level of the former atrial septum, whereas in the Senning procedure additional space is found outside (to the right of) the heart.
(3) Even if we assume that atrial function is far less important than ventricular function in maintaining cardiac output, we must consider the question which atria function better-those which contract against a stiff, immobile prosthesis, as in the Mustard procedure, or those in which the new right atrium contracts normally while the left contracts against a yielding right atrium, as in the Senning procedure.
DISADVANTAGES OF SENNING OPERATION
(1) We believe that postoperative arrhythmias result from direct injury of the sinus node, its artery, or the A-V node. Since in a Senning operation the sinus node (located immediately beneath the epicardium) (Janse and Anderson, 1974 ) is vulnerable, it may be difficult to avoid damaging it. Although in this series only a few patients showed arrhythmias, a larger series might show a different result.
(2) The Senning operation is technically more difficult than the Mustard procedure, but with increasing experience the technical differences will be more readily overcome.
ADVANTAGES OF SENNING OPERATION
(1) The amount of foreign material used is very small. Even after a Blalock-Hanlon operation the trapeziform patch required does not measure more than 30X(15-20)X15 mm.
(2) The geometry of the operation is such that it is nearly impossible to cause stenosis of the venae cavae. Given adequate technical skill and careful measuring, stenosis of the pulmonary veins is probably also exceedingly rare.
(3) In the Mustard procedure the size of the intraatrial baffle has to be determined with great accuracy lest it be too large (causing obs;truction of pulmonary veins) or too small (causing stenosis of the superior vena cava or the new right atrium). In the Senning operation this problem is eliminated because the heart itself determines the size of the baffle.
After a Senning operation the new atria can be expected to grow as the patient grows-an expectation based on the fact that virtually no foreign material is used. Long-term results in this group of children will have to show whether this expectation is in fact fulfilled.
Conclusions
Since we believe that the Senning operation affords a more lo'gical solution to the problem of venous reversal in the treatment of transposition than the Mustard procedure, we have reverted to the Senning operation in the treatment of 20 children, two of whom died.
The technique in this operation may be slightly more complicated than that of the Mustard procedure, but only a very small amount of foreign material is used; stenoses of the venae cavae are virtually eliminated.
Fifteen patients are in sinus rhythm after the operation. The new right atrium contracts normally, and the new left atrium contracts against the right.
Future findings will have to show which of the two procedures, the Mustard or the Senning operation, is the better (other than arterial reversal).
